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2-Picoline thiol, a new reagent. has been indigenously prepared and a new strategy has been
followed for the sulphurization of phosphate bond in nucleotide monomer. The 2-picolylthiophosphoro-
his-(triazolide) has been prepared using phosphite triester approach and treated with protected
nuclcosides to get phosphorothioate synthons. The two dimers, d(GpT) and d(TpT) have been
synthesised in very good yields using these synthons. The removal or 2-methylpyridyl group at the end
of synthesis is achieved with 1,1 ,3.3-tetramethylguanidinium-4-nitrobenzaldoxime in dioxane-water.
As cited from literature, the phosphorothioates
have a great therapeutic value!", but their method
of synthesis has many disadvantages. Mostly
researchers'i" have used elemental sulphur (S8) for
sulphurization of the phosphate bond but it IS
insoluble in many organic solvents and also the
sulphur transfer reaction occurs relatively slowly,
Alternative reagentsl3-16 were also used but each
one has its own limitation. In the present paper we
report the synthesis of 2-picoline thiol and have
developed a new strategy for the synthesis of
phosphorothioates of 2'-deoxyriboligonucleotides.
The reagent 2-picoline thiol was prepared by
adding cold 30% H202 to 2-picoline 1 in glacial
acetic acid and stirring the reaction for 24 hr at 70-
7S 0c. After vacuum distillation, the mixture was
cooled and 40% cold aq. sodium hydroxide
solution was added and extracted with
dichlorornethane. The extract was distilled to get
pure 2-picoline N-oxide 2. Compound 2 was
refluxed with p-toluenesulphonyl chloride under
nitrogen atmosphere for 4 hr and distilled to afford
2-picolyl chloride 3. Treatment of 3 with sodium
hydrogen sulphide under nitrogen atmosphere led
to the formation of 2-picoline thiol 4 which was
purified on silica gel column (Scheme I).
The 2-picoline thiol on reaction with phosphorus
trichloride followed by 1,2,4-triazole under
nitorgen atmosphere gave a phosphoro-bis-








A) Glacial CH3COOH, H202 at 70°C, 24 hr B) Benzene,
p-toluenesulphonylchloride at 15°C, 4 hr, C) Ethanol, NaHS,
4 hr, 0) PCI), 30 rnin, E) 1,2,4-triazole in tetrahydrofuran,
30 rnin, F) 5' -O-OMT-fv'2-isobutyryl-06-butylphthalimido-
2' -deoxyguanosine or 5' -O-OMT-2' -deoxythyrnidine III
dichloromethane at O°C, 15 min, G) TEAB (PH 8.5, H) 12 in
pyrINMllwater/tetrahydrofuran (5/1/5/90), *N-
methylimidazole catalyst with thymidine only, I) 3'-O-Ac-T or
3'-O-Ac-G in pyridine, J) MSNT, NMI when Base is
thymidine, I hr.
Scheme I
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column. This purified triazolide was reacted with
dried 5' -O-DMT _N2 -isobutyryl-O" -butylphthali-
mido-2'-deoxyguanosine at O°c. After warming to
room temperature the mixture was poured into 1M
triethylarnmonium bicarbonate buffer (PH 8.S).
The mixture was partitioned and extracted with
dichloromethane and concentrated. It was purified
on silica gel column to give pure 6 which on
further oxidation with O.lM iodine in
pyridine/water/tetrahydrofuran (S/S/90) gave 5'-0-
DMT _N2_ isobutyryl-C" -butylphthalimido-Z' -de-
oxyguanosine-3' -0-(2-picolyl) thiophosphate 7. In
this case the N-methylimidazole has not been used
because it removes the phthaloyl group from 06_
function of guanosine. The compound 7 was
characterised by IH NMR, 31p NMR and elemental
analysis. Similarly S'-0-DMT-2'-deoxythymidine-
3' -0-(2-picolyl)thiophosphate was prepared and
the catalyst, N-methylimidazole was used for the
oxidation ofH-phosphonates.
The suitability of 2-picoline thiol m
oligonucleotide synthesis was evaluated by
synthesising dimers, d(GpT) and dt T,']"). The
presence of pyridyl group makes the thioates more
lipophilic and then solubility in organic solvent
increases. The 2-methylpyridyl group was cleaved
with 0.3M solution of 1,1,3,3-tetramethyl-
guanidinium-4-nitrobenzaldoxime m dioxane-
water (I: I, v/v).
The remarkable advantages of the reagent are its
simple synthesis and facile introduction at
internucleotide bond. Also the derivative of 2-
picoline thiol is stable and soluble in most of the
organic solvents. The group is compatible with
other protecting groups and functions. Thus the 2-




The nucleoside, 2' -deoxythymidine and 1,2,4-
triazole were purchased from Sigma Chemicals.
Co. 2-Picoline, p-toluenesulphonylchloride, 1-
methylimidazole, 1,1,3,3-tetramethylguanidine, 4-
nitrobenzaldoxime were purchased from Aldrich.
Sodium hydrogen sulphide was purchased from
Fluka. Phosphorous trichloride were purchased
from E. Merck (India). Hydrogen peroxide,
ninhydrin were purchased from Qualigens.
Triethylammonium bicarbonate (TEAB,l M) was
prepared in laboratory by passing carbon dioxide
in cold aq. triethylamine solution.
The purification of compound 6 was done on
RPC CIS column on a Pharmacia LKB, DBF
HPLC. Fractions were collected on a Gilson
Fraction Collector. Hitachi 22.0 S
spectrophotometer was used for UV measurement
and IH and 31p NMR spectra were recorded on
Perkin-Elmer R-32 spectrometer. Elemental
analysis was carried out using a Carlo Erba 1106
analyser.
Solvents were purified and dried prior to use.
Pyridine was refluxed with ninhydrin, distilled
over anhyd. KOH and kept under nitrogen
atmosphere. Silica gel G (Merck) plates were used
for TLC. Visulalisation of spots on the plates was
done by exposure to iodine or by charring with
20% H2S04 in methanol. The 10% perchloric acid
was used for identification of trityl spots.
2-Picoline-N-oxide 2: To a solution of 2-
picoline (1, 93g in 300 mL of gl. acetic acid) in
one litre flask, 30% hydrogen peroxide (173 mL,
I.S mole) cooled to So C in an salted ice bath was
added with shaking. Then the mixture was heated
with stirring on a glycerine bath for 24 hr with
internal temperature adjusted to 70-7S°C. The
progress of the reaction was monitored on TLC.
After completion of the reaction, the excess water
and acid was removed by distillation under
reduced pressure and after 2S0 mL of distillate has
been collected, the residue was diluted with 100
mL of water and distilled, again. With the
collection of 100 mL of distillate, the reaction
mixture was cooled to O-soC in an salted ice bath
and 2S0 mL of cold (O-S°C) ag. NaOH (40%) was
added slowly with stirring. The strong alkaline
solution was extracted with 200 mL of
dichloromethane in portions. The combined extract
was given preliminary drying over anhydr.
Na2CO), filtered and concentrated by distillation
under reduced pressure. The product was distilled
in vacuo bp. 8S-86°C (O.S mm ofHg); Yield 10S.7
g (98%); Rf O.SI (CH2CI2:CH)OH; 9.S:0,S, v/v);
UV (CH)OH):Amax260, 213 nm, Amin228 nm.
2-Picolyl chloride 3. To a cold solution of
picoline-N-oxide (2, 54.5 g, 0.5 mole) in 100 mL
of benzene, p-toluenesulphonylchloride (9S.2S g,
O.S mole), weighed in an atmos bag in 100 mL of
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benzene was added slowly with cooling to
maintain the temperature between 15 to 20°C. The
reaction mixture was refluxed for 4 hr under
nitrogen atmosphere, cooled, filtered and distilled;
Yield 51 g (80%); Rr 0.36 (CH2CI2:CH)OH;
9.5:0.5, v/v); UV (CH)OH):Amax260, 214 nm, Amin
235 nm.
2-Picoline thiol 4: To the picolyl chloride (3,
38.25 g, 0.3 mole) in ethanol, sodium hydrogen
sulphide was added and stirred under nitrogen
atmosphere for 4 hr. The reaction was followed on
TLC. The mixture was separated on silica gel
column using hexane as eluant; Yield 32.9 g
(88%); Rr 0.65 (CH2CI2:CH30H); 9.5:0.5, v/v); UV
(CH30H): Amax276, 266 nm, Aonin268, 261 nm.
2-Picolylthiophosphoro-his-triazolide 5. 2-
Picoline thiol (4, 20 g, 0.16 mole) was stirred with
phosphorous trichloride (22 g, 0.16 mole) under
nitrogen atmosphere for 30 min. 1,2,4-Triazole (22'
g, 0.32 mole) dissolved in tetrahydrofuran (100
mL) was added to the stirred reaction and stirring
continued for 30 min. The reaction was followed
on TLC. After completion of reaction, the mixture
was purified on silica gel column using hexane as
eluant; Yield 46.5 g (81%); s, 0.59
(CH2CI2:CHPH; 9.5:0.5, v/v); UV(THF): Amax
271, 234 nm, An'in250 nm.
5'-0- DMT _N2 - isobutyryl-O" -butylphthalimi-
do-2' - deoxyguanosine-3' -0-(2-picolyl) thiophos-
phonate 6. 5' -O-DMT _N2 -isobutyryl-O" -butyl ph-
thalimido-2'-deoxyguanosine (2.74 g., .5 mmole)
was dried by co-evaporation with dry pyridine
(3x10 ml.), dissolved in dichloromethane (50 mL)
and added to the cooled (0-5°C) stirring solution of
2-picolyl thiophosphoro-bis-triazolide (1.45g, 5
mmole) in dichloromethane (30 mL) over 10-15
min under nitrogen atmosphere. The mixture was
stirred for about 30 min at O°C, then allowed to
warm to ambient temperature and poured into 1M
triethylammonium bicarbonate buffer (TEAB, pH
8.5, 75 mL) with stirring. The mixture was
transferred to a separating funnel, the phases were
separated and the aq. phase was extracted with
dichloromethane (2x50 mL). The combined
organic phase was washed with 1M TEAB (2x75
mL), dried over NaZS04 and evaporated to a foam.
The purification was carried out by silica gel
column chromatography with a hexane:
dichloromethane as eluant in increasing polarity
having 1% pyridine. Further its purity was
assessed by HPLC; Yield 3.8 g (90%); Rr 0.98
(CH2Clz)·
5' -0- DMT _N2_isobutyryl-06 -butylphthali-
mido-2' - deoxyguanosine--3'-0-(2-picolyl)thio-
phosphate 7. The compound 6 was oxidised with
iodine in pyridine/water/tetrahydrofuran (5/5/90).
The mixture was concentrated to an oil by
evaporation in vacuo. The remaining pyridine in
mixture was co-evaporated with repeated addition
of toluene. Then the mixture was shaken with
distilled water and extracted with dichloromethane
and dried over Na2S04 overnight. The pure
compound 7 was obtained by evaporating the
dichloromethane and keeping the residue over
calcium chloride for drying. (Found: C,60.34;
H,5.64; N,9.10. Calcd for C53H540lON7PISI(1026):
C, 61.98; H, 5.26; N, 9.55. IH NMR (400 MHz,
CDCI3): 87.95-7.93 (d, 8H, pyridyl and phthaloyl),
7.55-7.48 (m, 13H, Ar-H), 5.34 (s, IH, H-1') 4.23-
4.20 (t, 4H, 2H-2', H-3', H-4', 4.09-4.07 (d, 6H,
3xCH2), 3.80-3.76 (d, 2H, CH2-S), 2.30-2. 19(m,
2H, CH2-N), 2.03 (m, 1H, CH), 1.42-1.25 (m, 6H,
2xCH3); 31pNMR(H3P04): 858.8, 58.4.
Similarly 5' -0-DMT-2' -deoxythymidine-3' -(2-
picoline)thiophosphonate was prepared using 5'-0-
DMT-2'-deoxythymidine (2.72 g, 5 mmole) and 2-
picolyl thiophosphoro-bis-triazolide (1.45 g, 5
mmole); Yield 2.8 g (89%); Rr 0.79 (CH2CI2).
Then it was oxidised with 12 III
pyridine/water/tetrahydrofuran (5/5/90) in the
presence of N-methylimidazole.
Synthesis ofdimers, d(TpT) and d(GpT)
The two dimers, d(TpT) and d (GpT) were
synthesized using 2-thiomethylpyridyl group or 2-
picoline thiol via the phosphotriester approach.
The 3'-0-acetyl-2'-deoxythymidine was
prepared by stirring the 2' -deoxythymidine (2.42 g,
10 mmole), dried by co-evaporation with pyridine
in vacuo and suspended in anhyd. pyridine (50
mL), with acetic anhydride (4.5 mL, 10 equiv.) at
Lt. for 2 hr. Completion of the reaction was
monitored on TLC. The solution was evaporated to
a gum, redissolved in dichloromethane (20 mL)
and neutralised with saturated sodium bicarbonate.
The organic phase was washed with water (3x5
mL), cone, in vacuo and purified by silica gel
KUMAR ct 01 PIIOSPIIOROTHIOATES OF 2'-DEOXYRII30LlGONUCLEOTIDES 1003
column chromatography. Elution was done with
dichloromethane-methanol in increasing polarity.
The eluted mixture was evaporated and dried in
vacuo; Yield 2.64 g (92%); Rr 0.62
(CH2CI2:CH30H; 9.5:0.5, v/v); UV (CH30H):"tlllax
262, 234 nm, "tlllin248 nm.
The 3'-O-acetyl-2'-deoxythymidine (l.02 g, 3.6
mmole) was stirred with 5'-O-DMT-2'-
deoxythym idine-3' -O-(2-picoly I)thiophosphate
(3.95 g, 5.4 mmole) in dry pyridine in the presence
of coupling agent I-mesitylenesulphonyl-3-nitro-
I ,2,4-triazole (MSNT, 5.1 g, 5 equiv.) and catalyst,
I-methylimidazole (3.4 g, 2.1 equiv.) for 1 hr. The
completion of reaction was monitored on TLC.
The reaction mixture was concentrated in vacuo,
washed with water, extracted with diethyl ether
and purified on silica gel column using eluant
hexane-dichloromethane 111 increasing polarity.
The eluted mixture was evaporated and dried in
vacuo; Yield 3.15 g (86.5%); Rr 0.73
(CH2CI2:CH30H; 9: 1, v/v); UV (CH30H): "tmax
269, 241 nm, A",in252 nm,
Similarly the dimer, d(GpT) was prepared with
3'-O-acetyl-2'-deoxythymidine (l.02 g, 3.6
mmole) and 5'-O-DMT-N2-isobutyryl-06-butyl-
phthalimido-2' - deoxyguanosine-3' -O-(2-picolyl)-
thiophosphate (5.54 mg, 5.4 mmole) in the
presence of coupling agent MSNT (5.1g, 5 equiv)
and the base pyridine. It was purified on silica gel
column using eluant hexanedichloromethane in
increasing polarity. The eluted mixture was
evaporated and dried in vacuo; Yield 3.96 g (84%);
Rr 0.81 (CH2CI2:CH30H; 9: 1, v/v); UV (CH30H):
A.,nax276, 268 nm, "tlllin242 nm.
Deprotection:(a) Removal of 2-methylpyridyl
and butylphthalimido groups. The dimers d(TpT)
(1 g, 1 mmole) and d(GpT) (1.3 g, 1 mmole) were
dissolved separately in dry pyridine (20 mL) and
stirred with 0.3M solution of 1,1 ,3,3-tetramethyl-
guanidinium-4-nitrobenzaldoxime 111 dioxane-
water (1: 1, v/v). The complete removal of 2-
methylpyridyl group was taken place in 20 min
and it was confirmed on TLC. R. values of dimers
are as follows: d(TpT), 0.64 (CH2CI2:CH30H; 9: 1,
v/v) and d(GpT) 0.56 (CH2CI2:CH30H; 9: 1, v/v).
In the case of dimer, d(GpT) the d- protecting
group i.e., butylphthalirnido was also cleaved in 20
min along with 2-methylpyridyl group by the same
deprotecting reagent. This was confirmed by UV
"tllla,value (266 nm) which do not concide with the
values when the group is present in the dimer.
(b) Removal of acetyl, isobutyryl and
dimethoxytrityl groups. The residue obtained of
d(GpT) (I g. I mmole) has an isobutyryl group on
2'-deoxyguanosine and it was removed by
dissolving it in cone. ammonia (2 mL, 15M) and
heating at 55°C for 16 hr. Prior to heating the flask
was properly sealed with adhesive tape and
parafilm so that ammonia could not be leaked out.
The acetyl group was also removed from 3'-
position along with isobutyryl group. The residue
obtained of d(TpT) (0.9 g, I mmole) was also
treated with conc. ammonia (2 mL, 2M) to cleave
the acetyl group from 3'-position of 2'-
deoxythymidine. Then the ammonia was
evaporated in vacuo.
The residue obtained of both the dimers (0.8 g)
were treated with acetic acid/water (5 mL, 8:2 v/v)
for 30 min at r.t. This effects the removal of
dimethoxytrityl group. Then the mixtures were
washed with water (3xl0 mL) and extracted with
diethylether thoroughly (5x20 mL). After
evaporating the ether in vacuo, these were
dissolved in water and purified on HPLC.
Purification: The purification was done by
using isocratic solvent system of acetonitrile-water
(80/20) at a flow rate of 0.200 ml.zrnin. The
retention time for d(TpT) and d(GpT) were 18 min
27 see and 19 min 8 see, respectively.
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